Objective: To investigate the relationship between the pulse wave velocity (PWV) and angiographic carotid atherosclerosis in elderly patients. Method: 103 consecutive elderly patients were divided into two groups according to the results of cerebral angiography: carotid atherosclerosis group and normal carotid angiogram group. Basic clinical information was required by a standardized questionnaire. Carotid-femoral PWV (cfPWV) as a marker of Stiffness of artery was measured, Carotid intima media thickness (IMT) and carotid stenosis degree in angiography was evaluated. Independent-sample t test was used to evaluate the difference in cfPWV between the two groups, Bivariate associations between cfPWV and an index of extracoronary atherosclerosis (IMT and severity of stenosis) was performed. Result: Among 103 subjects, 55 with carotid atherosclerosis and 48 with a normal carotid angiogram, a significant difference between the two groups in IMT and PWV was found (P<0.05), and the cfPWV was significantly correlated with IMT (r = 0.3222, P = 0.0315), but not severity of carotid stenosis (r = 0.1573, P = 0.3137). Conclusion: cfPWV showed a positive correlation to carotid IMT, and maybe is a potentially useful adjunctive atherosclerotic risk marker to Identify of early carotid atherosclerosis.
Vascular disease resulting from arteriosclerosis is a serious worldwide health risk [1] . It is reported that approximately 30% of ischaemic strokes are caused by the carotid artherosclerosis [2] . Early diagnosis and intervention in vascular disease is important to control adverse cerebral and cardiovascular events, such as stroke, transient ischaemic attack (TIA), acute myocardial infarction, and cardiac death [3] . Stiffness is an important characteristic of the arteries and a direct reflection of the condition of these blood vessels, and reduced arterial elasticity is a sensitive marker that indicates damage to the blood vessel wall [4] . Most of the landmark studies in this area have used carotid-femoral pulse wave velocity (cfPWV) to quantify central arterial stiffness [5] [6] [7] , and PWV of the aorta is increased in populations at high risk of cardiovascular disease, such as elderly people [8] , and patients with hypertension [9] , type 2 diabetes mellitus (T2DM) [10] , and chronic kidney disease [11] .
Clinical importance of arterial stiffness has been well documented; however, few studies have investigated the changes in arteries stiffness in geriatrics with angiographic carotid atherosclerosis. This study was designed to investigate whether cfPWV was associated with carotid atherosclerosis in elderly people.
Subjects and Methods

Patient Population
In this retrospective, observational study, consecutive elderly patients aged ≥65 years, were selected from those who had undergone cerebral angiography at Qilu Hospital, between January 7th International Stroke Summit 2009 and January 2011. The selected patients were divided into two groups according to the results of cerebral angiography: those with normal carotid angiogram and those diagnosed as having carotid atherosclerosis. Carotid atherosclerosis was defined as luminal stenosis > 0% (according to North American Symptomatic Carotid Endarterectomy Trial criteria [12] ), and normal coronary angiogram was defined as 0% stenosis and intima media thickness (IMT) ≤ 1.0 mm. Patients with artheriosclerosis obliterans, valvular heart disease, arrhythmia, or heart failure were excluded because of potential inaccuracy in pulse wave recording and analysis. All patients in the study provided verbal informed consent. The study protocol was approved by the Ethics Board of Qilu Hospital, Shandong University.
Medical History and Examinations
All patients were administered a standardized questionnaire for the acquisition of information about their occupation, medical history, drug use, smoking history and family medical history. Blood pressure was measured in duplicate in the supine position using the non-dominant arm in all subjects. Levels of total cholesterol (TC), triglyceride (TG) and fasting plasma glucose (FPG) were measured from fasting venous blood samples by local automated facilities. None of the patients had smoked, or drunk alcohol or coffee within 1 h of these examinations.
PWV Measurements
All measurements were performed in a quiet room with controlled ambient temperature. The cfPWV was performed in the supine position after 5 min of bed rest using an automatic waveform analyzer (Complior System, Artech-Medical corp. French), the pulse wave of the carotid and femoral arteries was analyzed, estimating the delay with respect to the ECG wave and calculating the PWV. Carotid-femoral path length was measured as the difference between the surface distances joining the suprasternal notch, the umbilicus and the femoral pulse. Carotid-femoral transit time was estimated in 8-10 sequential electrocardiogramgated femoral and carotid waveforms as the average time difference between the onset of the femoral and carotid waveforms. The foot of the pulse wave was identified using the intersecting tangent method. PWV was calculated as the carotid-femoral path length divided by the carotid-femoral transit time and expressed as m/sec [13, 14] .
Carotid IMT Measurements
Measures of maximal carotid IMT were obtained in the supine position by a single ultra-sonographer. Longitudinal B-mode ultrasound images were obtained among subjects with the head turned 45Њ from the area scanned. Gain settings were optimized to acquire far wall arterial images and limit echogenicity of the lumen. A linear array probe (Phillips Sonos 5500, Netherlands) was used for all image acquisition. The sonographer obtained 3 longitudinal views of both internal carotid arteries for a total of 6 IMT images per subject as previously described [15] . The internal carotid artery was defined to include the bulb and the initial 10 mm of vessel distal to separation of external from internal arteries. High resolution images were stored digitally, and read off-line by trained interpreters blinded to clinical characteristics of study participants. Near and fall wall thickness were calculated as the maximum distance between the lines.
Assessment of Cerebral Atherosclerosis
Cerebral angiography was performed according to standard clinical practice, with femoral approaches using catheters 5F. The degree of carotid stenosis was calculated according to criteria of the North American Symptomatic Carotid Endarterectomy Trial (NASCET) [12] . A computer based edge-detection cerebral angiography analysis system was used to perform carotid analyses. Angiographic scoring was performed by observers who were involvement in the study was scoring the angiograms.
Statistical Analyses
All data analyses were performed using SPSS® version 11.5 (SPSS Inc., Chicago, IL, USA) for Windows®. Quantitative data were expressed as mean ± SD. Categorical data were presented as numbers and percentages. An independent-sample t-test was used to compare continuous data and the x 2 -test was used to compare categorical variables between the two groups. Bivariate analyses were performed to study associations between PWV and each of IMT and severity of carotid stenosis. A P-value < 0.05 was considered to be statistically significant.
Results
The study population comprised 103 consecutive elderly patients, aged ≥65 years, selected from 1025 patients who underwent cerebral angiography in Qilu Hospital, Shandong University between January 2009 and January 2011. Of these 103 patients, 55 had carotid atherosclerosis and 48 had a normal carotid angiogram. Their clinical data are shown in table 1. There were no significant differences between the two groups for any of demographic or clinical characteristics measured.
Independent-sample t-test analysis demonstrated a significant difference in cfPWV and IMT between the carotid atherosclerosis group and the normal carotid angiogram group (P = 0.0261 and 0.0180) (table 2) .
Bivariate analysis between cfPWV and IMT in the 54 patients of the Carotid atherosclerosis group showed a positive correlation (r = 0.3222, P = 0.0315; fig. 1 ). There was no significant correlation between PWV and carotid stenosis degree (r = 0.1573, P = 0.3137; fig. 2 ).
Discussion
Numerous instruments can be used to assess arterial stiffness in a non-invasive manner. cfPWV is widely considered the most established index of arterial stiffness [16] . PWV can be measured in other arterial regions, such as heart-carotid, carotid-brachial and femoral-ankle segments. Brachial-ankle PWV (baPWV) is more easily obtained and has been shown to be highly correlated Selected Paper (r = 0.76, p < 0.0001) with carotid-femoral PWV values [17] , Since the measurement of baPWV includes both central and peripheral arterier [18] , confirmatory studies with cfPWV are warranted. So we select cfPWV to evaluating the arterial stiffness in elderly patients.
The present study provides the evaluation of the relationship between cfPWV and carotid atherosclerosis in elderly patients. Using the independent-sample t-test or x 2 test no significant differences were found between the two groups in basic clinical characteristics, but patients with carotid atherosclerosis had a statistically significantly faster cfPWV than those in the normal carotid angiogram group. Krantz et al. [19] have demonstrated, in a cross-sectional study of a mixed-ethnicity population, that PWV was associated with preclinical carotid atherosclerosis independent of Framingham risk factors. It can be concluded that PWV increased in the early stages of carotid artery atherosclerosis in elderly patients when there were no significant stenosis in the carotid artery and may, therefore, have a prognostic value in diagnosing carotid atherosclerosis in elderly subjects. In our study, a positive correlation was found between cfPWV and IMT, using bivariate analysis, but no correlation was found between cfPWV and stenosis degree of Data show mean ± SD or numbers of patients. ACEIs = Angiotensin-converting enzyme inhibitors; ARBs = angiotensin receptor blockers; BMI = body mass index; CCBs = calcium channel blockers; CI = cerebral infarction; DBP = diastolic blood pressure; DM = diabetes mellitus; FPG = fasting plasma glucose; HR = heart rate; MAP = mean arterial pressure; NS = not statistically significant (P > 0.05); PP = pulse pressure; SBP = systolic blood pressure; TC = total cholesterol; TG = triglyceride. Data are mean ± SD. cfPWV = Carotid-femoral pulse wave velocity; IMT = intima media thickness; NS = not statistically significant (P > 0.05). 7th International Stroke Summit carotid artery. Overall, most studies to date has proved that IMT is an independent parameter of carotid arthrosclerosis, but it is well known that atherosclerosis with low-grade stenosis in the carotid bifurcation may result in cerebrovascular events [20] . Severity of carotid stenosis may be affected by other factors, such as inflammation, hemodynamics, and plaque volume and composition [21] . A recently case-series study provides the systematic evaluation of the relationship between CCA-IMT and arterial stiffness in subjects with type 2 diabetes and in non-diabetics, and found there is a positive correlation between CCA-IMT and the parameters used to assess arterial stiffness, including PWV [22] . Structural alterations of the arterial wall are well known to precede atherosclerosis and cardiovascular events, prior studies have shown that increased cfPWV is associated with excess risk in various high-risk and community-based samples [23, 24] . The present study confirmed that a positive correlation between cfPWV and IMT in elderly subjects and that increased cfPWV could be an early marker in indicating the vascular abnormality that leads to carotid atherosclerosis. The measurement of arterial stiffness is noninvasive, relatively low cost, easy to use and acceptable to patients. The 2007 European guidelines for the management of hypertension and guidelines for CVD prevention in clinical practice added aortic PWV as a recommended test for assessment of target organ damage [25] . Although the prognostic value of this technology has been previously investigated, but the correlation between PWV and carotid atherosclerosis has not fully investigated. Thus, where possible, this technology should now be incorporated into longitudinal studies so that the prognostic value of PWV in carotid atherosclerosis can be fully defined.
Various limitations apply to the present study. Firstly, cerebral angiography was used to package normal and carotid atherosclerosis, which might be limited and would have caused a bias in the results. Secondly, some drugs, aside from those used in the present study, may influence arterial properties and should be investigated. Finally, the small sample size of the present study may have limited the power of this study.
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